Seventy three germplasm of field pea were tested under glasshouse and field condition against rust disease caused by Uromyces viciae fabae (Pers.) de Bary. Among screened germplasms, 30 susceptible, 40 highly susceptible and 3 belonged to moderately resistance group. The susceptible germplasm showed leaf area with symptoms (LAS) ranged from 30 to 65% with area under disease progressive curve (AUDPC) values from 77.5 to 1290 and apparent infection rate from 0.0134 to 0.1698 and highly susceptible germplasm showed LAS ranged from 60 to 95% with AUDPC values ranged from 1075 to 2179. Apparent infection rate ranged from 0.0616 to 0.6950 while moderately resistance germplasm showed LAS ranged from 20 to 24% with AUDPC values ranged from 350 to 438 and apparent infection rate ranged from 0.1180 to 0.1198 in field as well as glasshouse conditions. The moderate resistance germplasm JPF 99025, KPMR 615 and KPMR 551showed lowest LAS, AUDPC value and apparent infection rate, hence, these germplasms could be used in breeding programme.
Introduction
The pea rust caused by Uromyces viciae fabae (Pers.) de Bary is one of the important pathogens of field pea (Pisum sativum L.) occurs in severe form in all the major growing areas of India ( Kumar et al. 1994) . It is worldwide distributed pathogen of pea and also reported to attack number of host species belonging to family leguminaceae viz., faba bean (Vicia faba L.), lentil (Lens culinaris Medic) and sweet pea (Lathyrus sativus L.) (Chung et al. 2004 , Kushwaha et al. 2006 , Shroff and Chand 2010 . The disease can cause substantial yield losses particularly in warm weather conditions which ranges from 56.8 to 100 per cent (Upadhyay and Singh 1994, Kushwaha et al. 2010 ) and significant damage in terms of quality and quantity in pea, faba bean and lentil in India (Sharma 1998 , Beniwal et al. 1993 . It is an autoecious and microcyclic fungus and incidence of disease at early growth stages may result in complete failure of the crop. The genetics of rust resistance in pea is still unclear, and workers have reported a single dominant gene (Tyagi and Srivastava 1999) , a single oligogene (Vijayalakshmi et al. 2005) showing partial dominance along with some minor gene or involvement of one to two major genes (Singh and Ram 2001) . Several source of incomplete resistance against U. viciae fabae have been reported (Xue and Warkentin 2002 , Vijayalakshmi et al. 2005 , Barilli et al. 2009 ). In India all the pea germplasm/cultivars have been tested and reported as susceptible, while no immune or hypersensitive or resistant cultivar was recorded. However, race specific vertical resistance against Uromyces viciae fabae has also been reported (Singh and Sokhi 1980 and 1981 , Sohi et al. 1974 , Sokhi et al. 1984 .
Cultivation of resistant varieties is one of the major options to stabilize the productivity of field pea crop. The varieties of field pea released in India for general cultivation are known to be susceptible against rust. Therefore, enhancement of rust resistance in field pea cultivars is a major challenge, which needs to be addressed on priority. Present investigation was undertaken to characterize leaf area with symptoms (LAS) values, area under disease progress curve (AUDPC) and apparent infection rate (r) in promising germplasm of field pea and to assess its importance as selection criterion in field pea rust resistance improvement programme. These parameters are being used to compare the relative susceptibility or resistance of varieties or lines. The generated information will allow the growers to increase the adaptation of multiple disease resistant cultivars.
Materials and Methods
The experiment was conducted under glasshouse as well as in field conditions at Crop Research Centre, G. B. Pant University of Agriculture and Technology, Pantnagar. Seventy five germplasm included in advanced varietal trail-1, advanced varietal trail-2 and initial varietal trails of All India Coordinated Research Project on MULLaRP, evaluated under field and greenhouse conditions for LAS, AUDPC and apparent infection rate in 2003 -2004 and 2004 -2005. Field experiment was planned in randomized block design with 4 replications and, standard agronomic practices were followed to raise healthy crop. Each germplasm was sown in 4 m row length with 30 × 15 cm line to line and plant to plant spacing, respectively. A highly susceptible variety 'Aparana' was sown after every 3 rows as spreader infector row. Pathogen inoculum was multiplied on susceptible variety 'Aparana' sown 30 days before planting of main experiment by inoculating aeciospores derived from single pustules. The rust infected plants were uprooted, incision their roots with knife and soaked in distilled water to prepare a suspension of 10 5 spore/ml. Standard inoculation technique (Chand et al. 2004 ) was followed and inoculation was done by spraying the spore suspension at the pre flowering stage of the plants (i.e., 55 -60 days after sowing) during evening hours. Immediately after inoculation, field was lightly irrigated and two additional irrigations were given at 10 days intervals to maintain proper moisture level. The disease severity for each germplasm was visually estimated on a 0 -9 scale (Sokhi et al. 1984) . Ten plants were randomly selected tagged from each row used for recording disease severity and other released parameters. First observation was recorded when disease severity was around 50% on the susceptible check (Aparana) and accordingly, two more observations were taken at 4 days interval to calculate AUDPC (Kushwaha 2007) .
The 73 germplasms were sown at the same time in plastic pots (30 cm diameter) filled with normal soil amended with farm yard manure to support luxuriant plants growth. Five plants were grown per pot and three pots of each germplasm treated as a single replication. The replicated pots of each germplasm were arranged in a randomized block design in the experiment. All pots were kept in growth chamber at 25 0 C in day and 20 0 C in night temperature with a 16 hrs photoperiod and watered twice in the week to maintain the adequate moisture level. Plants were inoculated at most susceptible stage i.e., four to six node stage, which occurred at 15 to 20 days after planting (Xue and Warkentin 2002) .
The suspension of aeciospores/urediospores of U. viciae fabae was prepared by mixing the spore with light mineral oil (Soltrol 170) and adjusted to 10 5 spore/ml using a haemocytometer.
The spore suspension was applied at 1 ml/plant through atomizer. After natural drying, the plants were placed in a mist chamber with 100 per cent relative humidity at 20 0 C in dark for 24 hrs and then returned to glasshouse for pathogenesis (Chand et al. 2004) . Six pots of "Aparana" sprayed only with mineral oil were included as checks (control) against extraneous airborne inoculum. Under glasshouse condition, 3 pots of individual genotypes were considered for disease severity. Observation on disease severity was recorded on individual plants 10,12,14 days intervals from the first scoring done when disease appeared in pots plant.
Leaf area with symptoms was used to quantify the disease severity of field pea germplasm to rust. The LAS was assessed on two leaf disks (15 mm diameter) taken from each of the 4th and 6th nodes of each plant 20 days after inoculation. Disease severity score was then converted to LAS values using the equation LAS = ∑ (medium value in a category × number of leaf disk in the category) /Total no of leaf disks. Per cent LAS was used to quantify the disease severity of the field pea germplasm against rust. Data were analyzed by analysis of variance and germplasm means were separated by the least significant difference (LSD) test at a probability level of 0.05. The area under disease progress curve (AUDPC) values was calculated with the help of computer software developed at CIMMYT as ∑[{( Yi + Y (i+1) 2 } × ( t (i +1) -t i )} where Y = disease severity at time t i and (t (i +1) -t i ) = number of days between 2 disease scores and apparent infection rate (r) values was calculated by Vander Plank (1963) for field rust as r per days = 2.3/T 1 -T 2 log X2/X1 where r = apparent rate of infection/spread, X 1 = Per cent disease severity at time T 1 , X 2 = Per cent disease severity at time T2, T 2 -T 1 = Time interval in days between two observation. On the basis of LAS (%) values obtained in experimental result, the screened germplasm characterized in moderately resistant, susceptible and highly susceptible and, finally tabulated separately.
Results and Discussion
Field and glasshouse studies indicated that none of the tested field pea germplasm was found immune to U. viciae fabae. Among 73 germplasms tested, only 30 showed susceptible reaction under glasshouse and field condition. The susceptible germplasm HUP 2 showed minimum AUDPC value 77.5 in field condition and 85.1 in glasshouse condition, however, the maximum AUDPC value 1285.0 in field condition and 1290.0 in glasshouse condition was observed in KMPR 171 followed by KPMR 569 susceptible germplasm. The apparent infection rate in susceptible germplasm was recorded from 0.0134 to 0.1668 per cent in field condition and 0.0158 to 0.1698 per cent in glasshouse condition (Table 1) .
Only 40 germplasms showed highly susceptible reaction in both condition, their LAS ranged from 60 to 90 per cent in field condition and 61 to 95 per cent in glasshouse condition. The germplasm KPMR 526 showed minimum AUDPC value i.e., 1075 in field condition and 1079 in glasshouse condition , While the maximum AUDPC value 2175.0 in field condition and 2179.0 in glasshouse condition was observed in DDR 49, which was considered as highly susceptible germplasm. The apparent infection rate in highly susceptible germplasm ranged from 0.0616 to 0.6922 per cent in field condition and 0.0615 to 0.6950 per cent in glasshouse condition ( Table 2) .
The disease resistance in commercial field pea varieties against rust has not previously been reported in India. Pal et al. (1980) reported three accessions of Pisum species resistant to rust under field condition in India, however these resistant accessions were not considered suitable for commercial cultivation. All the tested germplasms under field as well as glasshouse condition showed compatible reaction to rust. Out of 73 germplasms screened, not a single germplasm showed complete resistance, however three germplasm JPF 99025, KPMR 615 and KPMR 551 showed moderately resistance reaction with minimum LAS ranged in both condition 20 to 24 per cent, AUDPC ranged between 350 and 438.0 and apparent infection rate from 0.1180 to 0.1198 (Table 3) than highly susceptible and susceptible germplasm. Low LAS, AUDPC and apparent infection rate values associated with high level of resistance (Chand et al. 2004 , Upadhyay and Singh 1994 , Xue and Warkentin 2002 , Singh et al. 2012 . LAS, AUDPC value and apparent infection rate under glass house condition and field condition almost similar, however slightly higher values of tested parameters are reported in glasshouse condition that might be due to more congenial environments for the disease development (Chand et al. 2004) . The higher disease severity and AUDPC was recorded in glasshouse. Negussie et al. (2005) also observed that the high heritability of disease severity and AUDPC suggested that selection of pea rust resistance can be made under polyhouse conditions using either disease severity or AUDPC as disease reaction indicator. Thus it is proposed that germplasm lines should be screened under the glasshouse also to identify reliable resistant plants or genotypes during breeding for resistance. Resistant varieties are most economical and ecofriendly way to manage the diseases. The generated information will allow the growers to increase the adaptation of multiple disease resistant cultivars. On the basis of these findings it can be proposed that germplasm JPF 99025, KPMR 615 and KPMR 551 identified as moderately resistant lines can be utilized as donor parent for further breeding programme of disease resistance field pea and will also be helpful in testing of breeding material and selection of best fieldpea genotype for further breeding work.
